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ABSTRACT 

Spectra of 34 H II regions in the late-type galaxies NGC 1087, NGC 2967, NGC 3023, NGC 4030, NGC 4123, and NGC 4517A were 
observed with the South African Large Telescope (SALT). In all 34 H II regions, oxygen abundances were determined through the 
“counterpart” method (C method). Additionally, in two H II regions in which the auroral lines were detected oxygen abundances were 
measured through the classic T e method. We also estimated the abundances in our H II regions using the 03N2 and N2 calibrations 
and compared those with the C-based abundances. With these data we examined the radial abundance distributions in the disks of 
our target galaxies. We derived surface-brightness profiles and other characteristics of the disks (the surface brightness at the disk 
center and the disk scale length) in three photometric bands for each galaxy using publicly available photometric imaging data. The 
radial distributions of the oxygen abundances predicted by the relation between abundance and disk surface brightness in the W 1 
band obtained for spiral galaxies in our previous study are close to the radial distributions of the oxygen abundances determined from 
the analysis of the emission line spectra for four galaxies where this relation is applicable. Hence, when the surface-brightness profile 
of a late-type galaxy is known, this parametric relation can be used to estimate the likely present-day oxygen abundance in its disk. 

Key words, galaxies: abundances - ISM: abundances - Hll regions, galaxies: individual: NGC 1087, NGC 2967, NGC 3023, 
NGC 4030, NGC 4123, NGC 4517A 


1. Introduction 

Metallicities play a key role in studies of galaxies. The present- 
day abundance distributions across a galaxy provide important 
information about the evolutionary status of that galaxy and form 
the basis for the construction of models of the chemical evolution 
of galaxies. 

Oxygen abundances and their gradients in the disks of late- 
type galaxies are typically based on emission-line spectra of in¬ 
dividual Hll regions. When the auroral line [Om]A4363 is de¬ 
tected in the spectrum of an HII region, the T e -based oxygen 
(0/H ) r , : abundance can be derived using the standard equations 
of the Te-method. In our current study, we do not always have 
this information and use alternative methods where the auroral 
line is not detected. In those cases, we estimate the oxygen abun¬ 
dances from strong emission lines using a recently suggested 
m ethod (called the “(7 m eth od”) for abundance det erminations 
of iPilvugin et al.l (1 201 2l) and IPilvugin et al.l (1201 4al) . When the 
strong lines R-\, A© and S 2 are measured in the spectrum of an 
H II region, the oxygen (0/H)c SN abundance can be determined. 
When the strong lines R2, R3, and N2 are measured in the spec¬ 
trum, we can measure the oxygen (0/H)c ON abundance. 


* Based on observations made with the Southern African Large 
Telescope, programs 2012-1-RSA_OTH-001, 2012-2-RSA.OTH-003 
and 2013-1 -RSA_OTH-005. 


It should be emphasized that the C method produces 
abundances on the same metallicity scale as the T e -method. 
In contrast, metallicities derived using one of the many 
calibrations based on photoionization models tend to show 
large discrepancies (of up to —0.6 d ex) with respect to 
based abundanc es (see the reviews b v iKewle v & Elli sonl 20081 : 

jt 


iLonez-Sanchez & Esteban ! 2010 : ILonez-Sanchez et al l 1201 A) . 
Coupling our emission-line measurements with available line 
measurements from the literature or public databases, we mea¬ 
sured the radial distributions of the oxygen abundances across 
the disks of six galaxies. 

The study of the correlations between the oxygen abun¬ 
dance and other properties of spiral and irregular galaxies 
is important for understanding the formation and evolution 
of galaxies. The correlation between the local oxygen abun¬ 
dance and the stellar surface brightness (the OH - SB rela- 


sion for a long time (Webster & Smith 1983 

; Edmunds & Page! 

1984; 

Vila-Costas & Edmunds 1992: Rvder 

1995t Moran et al. 

2012; 

Rosales-Ortega et alJ 2012t ISanchez et al.l 20141). We ex- 


amined the relations between the oxygen abundance and the disk 
surface brightness in the infrared W 1 band at different frac¬ 
tions of the optical isophotal radius R 25 in our previous paper 
(IPilvugin et al.l2014bl) . W 1 is the photomet ric b and of the Wide- 
field Infrared Survey Explorer ( WISE ); see lWright et al.l (120101) . 
We found evidence that the OH - SB relation depends on the 
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galactocentric distance (taken as a fraction of the optical radius 
R 25 ) and on other properties of a galaxy, namely its disk scale 
length and the morphological T-type. In that study, we suggested 
a parametric OH - SB relation for spiral galaxies. 

In our current paper, we present results from observations 
of emission-line spectra of H II regions in six spiral galaxies. 
These observations were obtained with the South African Large 
Telescope as a part of our investigation of th e ab undance prop¬ 
erties of nearby late-type galaxies dPilvugin et al.ll2014allbh . 

We constructed radial surface-brightness profiles of our 
galaxies in the infrared W1 band using the photometric maps 
obtained by the WISE satellite dWright et alJl2010h . The char¬ 
acteristics of the disk for each galaxy were obtained through 
bulge-disk decomposition. The radial distributions of the oxygen 
abundances predicted by the parametric OH - SB relation are 
compared to the radial distributions of the oxygen abundances 
determined from the analysis of the emission-line spectra of the 
H II regions in our target galaxies. 

The paper is organized as follows. Our sample of galaxies is 
presented in Section 2. The spectroscopic observations and data 
reduction are described in Section 3. The photometric properties 
of our galaxies are discussed in Section 4. The oxygen abun¬ 
dances are presented in Section 5. Section 6 contains a discus¬ 
sion and a brief summary of the main results. 

Throughout the paper, we will use the following standard 
notations for the line intensities I: 

R = ho III] A4363/ I*ip, 

Rl ~ ^[OII]A3727+A3729/^H/3, 

N 2 = ^[NII]A6548+A6584/-^H/3, 

$2 = ^[SII]A6717+A673l/^H/3, 

R 3 = ^[O III] A4959+A5007/Al/3 • 

2. Our galaxy sample 

Our original sample of spiral galaxies for follow-up obser- 
vations with the Southern African Large Telescope (SALT; 
iBucklev et al.l2Q()6tlO’Donoghue et al.l2006l) was devised based 
on Sloan Digital Sky Survey (SDSS) images and the fact that 
SALT can observe targets with a declination 5 < 10 degrees 
and has a field of view of 8 arcmin. Each selected spiral galaxy 
contains a sufficiently large number of bright H II regions dis¬ 
tributed across the whole galaxy disk and fitting SALT’S field of 
view. The total sample consists of ~ 30 nearby galaxies that are 
located in the equatorial sky region. 

Out of this sample of 58 galaxies, we have obtained spec¬ 
tra of Hu regions in six galaxies (NGC 1087, NGC 2967, 
NGC 3023, NGC 4030, NGC 4123, NGC 4517A) thus far. In 
Fig. E] we present the images and slit positions for those galax¬ 
ies. For a detailed description of the observations we refer to 
Section 3. 

Table [I] lists the general characteristics of each galaxy. 
We listed the most widely used identifications for our target 
galaxies, i.e., the designations in the New General Catalogue 
(NGC) and in the Uppsala General Catalog of Galaxies (UGC). 
The morphological type of the galaxy and morphological type 
code T w ere adopted from LEDA (L yon-Meudon Extragalactic 
Database; iPaturel et al.l I1989L120031) . The right ascension and 
declination were taken from the NASA/IPAC Extragalactic 
Database (nedJ]. The inclination of each galaxy, the position 

1 The NASA/IPAC Extragalactic Database (NED) is operated by 
the Jet Populsion Laboratory, California Institute of Technology, un¬ 
der contract with the National Aeronautics and Space Administration, 

http://ned.ipac.caltech.edu/ 


angle of the major axis, and the isophotal radius R 25 in arcmin 
of each galaxy were determined in our current study. The dis¬ 
tances were taken from NED. These distances include flow cor¬ 
rections for the Virgo cluster, the Great Attractor, and Shapley 
Supercluster infall. The isophotal radius in kpc was estimated 
from the isophotal radius R 25 in arcmin and the distance listed 
above. The characteristics of the disks (the surface brightness at 
the disk center in the W 1 band and the disk scale length) were 
determined through the bulge-disk decomposition carried out in 
our current paper. The surface brightness at the disk center was 
reduced to a face-on galaxy orientation and is given in terms of 
L & pc" 1 2 . 

Three galaxies of our sample are members of pairs of galax¬ 
ies and are included in the “Catalogue of Isola ted P airs o f 
Galaxies in the Northern Hemisphere” (iKarachentsevI (19721) : 
NGC 3023 = KPG 216B, NGC 4123 = KPG 322B, NGC 4517 A 
= KPG 344A. Two galaxies of our sample, NGC 296 7 and 
NG C 4030, are known members of galaxy groups (tFouaue et al.l 
1 19921 lGarcialll993l). The galaxy NGC 451 7A is a low-surface- 
brightness galaxv lRomanishin et al.|[l983l) . 

3. Spectroscopic observations and reduction 

3.1. Observing procedures 

The spectroscopic observations of our selected galaxies were 
obtained with the multi-object spectrosc opic m ode (MOS) 
of the Robert Stobie Spectrograph (RSS; iBurgh et~aD 12003c 
[Kobulnickv et al.ll2003h installed at SALT. For each galaxy from 
our sample we constructed a MOS mask, where the slit posi¬ 
tions for the H II regions were selected using gri SDSS images. 
A typical MOS mask thus devised contained 9-12 slits for Hu 
regions distributed over the whole galaxy disk. The usual width 
of the slits was 1.5 arcsec. The general strategy of the observa¬ 
tions was to cover the total spectral range of 3600-7000 A in 
order to detect (1) the Balmer lines H<5, H 7 , H/l and Ha, which 
were used for extinction corrections, and ( 2 ) various emission 
lines used for the calculation of abundances: [OII] A3727,3729, 
[Oill] A4363, [O ill] A4959,5007, [Nil] A6548,6584 and [S 11 ] 
A6717,6731. We chose a resolution of R = 1000-2000 in order 
to be able to resolve emission lines located close to each other, 
e.g., H 7 and [O III] A4363, or [S II] A6717 and [S II] A6731. 

In MOS mode the actual spectral coverage for each slit varies 
slightly depending on the X-position of a given slit relative to the 
center of the mask. Thus, to cover the total desired spectral range 
of 3600-7000 A for each slit of the mask we had to obtain two 
spectral setups for each studied galaxy: One ranging from 3500- 
6500 A (referred to as the blue setup hereafter) and one from 
5000-7000 A (called the red setup hereafter), and to combine 
them after data reduction. 

The volume phase holographic (VPH) grating GR900 was 
used to cover the blue setup with a final reciprocal dispersion of 
^0.97 A pixel -1 and a spectral resolution resulting in a FWHM 
of 5-6 A (R ~ 1000). In order to cover the red setup, we used 
the VPH grating GRI300 with a final reciprocal dispersion of 
^0.64 A pixel -1 and a spectral resolution with a FWHM of 3- 
4 A (R~1600). All observations were carried out between June 
2012 and April 2013. 

SALT is a telescope where during an observation the mir¬ 
ror remains at a fixed altitude and azimuth and the image of 
an astronomical target produced by the telescope is followed by 
the “tracker”, which is located at the position of the prime fo¬ 
cus (similar in operation to the Arecibo Radio Telescope). This 
results in only a limited observing window per target. For this 
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Fig. 1. SDSS images of our target galaxies with marked positions of the slits used in the present investigation. 


Table 1. The adopted and derived properties of our target galaxies 


Name 

NGC 1087 
UGC 2245 

NGC 2967 
UGC 5180 

NGC 3023 
UGC 5269 

NGC 4030 
UGC 6993 

NGC 4123 
UGC 7116 

NGC 4517A 
UGC 7685 

Morphological type, type code T 

SABc, 5.0 

Sc, 5.2 

SABc, 5.5 

Sbc, 4.0 

Sc, 5.0 

SBdm, 8.0 

Right ascension (J2000.0) [deg] 

41.604852 

145.513729 

147.469112 

180.098445 

182.046296 

188.117319 

Declination (J2000.0) [deg] 

-0.498649 

0.336438 

0.618167 

-1.100095 

2.878283 

0.389670 

Inclination [deg], ellipticity 

53.0, 0.39 

21.6, 0.07 

49.5, 0.35 

36.9, 0.20 

43.1, 0.27 

50.2, 0.36 

Position angle [deg] 

1 

151 

86 

38 

128 

23 

Isophotal radius 7?25 a [arcmin] 

1.86 

1.33 

1.02 

1.89 

1.69 

1.40 

Distance [Mpc] 

20.1 

29.5 

29.4 

26.4 

27.3 

27.8 

Isophotal radius R 25 [kpc] 

10.86 

11.41 

8.72 

14.51 

13.42 

11.32 

Disk scale length in W 1 band [kpc] 

2.45 

1.97 


3.36 

4.70 

4.90 

Logarithm of W1 brightness of disk center 6 [Lq pc -2 ] 

3.056 

3.315 


3.234 

2.557 

1.955 


a in the B band 

6 reduced to a face-on galaxy orientation 


reason each observation consisted usually of two exposures of 
about 1000 s each to fit a single SALT visibility track. For the 
same reason the blue and red setups were usually observed in 
different nights. 

Spectra of Ar comparison arcs and a set of quartz tungsten 
halogen flats were obtained immediately after each observation 
to calibrate the wavelength scale and to correct for pixel-to-pixel 
variations. A set of spectrophotometric standard stars was ob¬ 
served during twilight time for the relative flux calibration. Since 
SALT has a variable pupil size, an absolute flux calibration is 
not possible even using spectrophotometric standard stars. All 


details of the observations are summarized in Table [2] In total, 
34 HII regions in six galaxies were observed. 


The primary reduction of the SALT d ata w as done with the 
SALT science pipeline dCrawford et al.ll2010l) . After that, the 
bias- and gain-corrected and mosaiced MOS data were reduced 
in the way described below. 
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Table 2. Journal of the observations. 


Galaxy 

Date for 
blue setup 

Date for 
red setup 

Exposure time 
for blue setup 

Exposure time 
for red setup 

Seeing for 
blue setup 

Seeing for 
red setup 

NGC 1087 


2012.12.20 


2x1000 


1.4" 

NGC 2967 

2013.02.02 

2013.02.02 

2x1000 

2x1000 

1.5" 

1.2" 

NGC 3023 

2013.01.05 

2013.01.06 

2x1000 

2x1000 

2.5" 

2.3" 

NGC 4030 

2013.03.20 


2x1000 


1.0" 


NGC 4123 

2013.04.29 

2013.03.03 

2x1000 

2x910 

1.7" 

2.2" 

NGC4517A 

2012.06.16 


1x900+2x725 


1.7" 



3.2. Data reduction and line flux measurements 

Cosmic ray rej ectio n was done using the IRA( 0 task 
lacose.spec (Ivan Dokkumll200H) . The wavelength calibra¬ 
tion was accomplished using the IRAF tasks identify, 
reidentify, fitcoord, and transform. The spectral 
data were divided by the illumination-corrected flat field in or¬ 
der to correct for pixel-to-pixel sensitivity variations of the de¬ 
tector. After that two-dimensional spectra were extracted from 
the MOS images for each slit. The background subtraction was 
done using the IRAF task background. Since we used a multi¬ 
slit mask, the slits for the individual objects have a length of 
~ 5 20 arcsec and the background was fitted by a low-order 

polynomial function along the spatial slit coordinate at each 
wavelength. This allows us to extract the flux from the HII re¬ 
gions only, without galactic stellar background. The spectra were 
corrected for sensitivity effects using the Sutherland extinction 
curve and a sensitivity curve obtained from observed standard 
star spectra. Finally, all two-dimensional spectra of a slit posi¬ 
tion obtained with the same observational setup were averaged. 

From each two-dimensional spectrum of the blue and red 
setups, one-dimensional spectra were extracted in spatial di¬ 
rection for each pixel along the slit. We refer to these spec¬ 
tra as “one-pixel-wide”. The line fluxes ([Oll]AA3727,3729, 
[O hi] A4363, H/3, [Oiii]A4959, [Oiii]A5007, [Nn]A6548, Ha, 
[N II] A6584, [S II ] A6717, and [S II] A6731) were then measured 
with IRAF or/and by fitt ing t he lines with Gaussian s following 
iPilvugin & Thuanl (1 20071) and lPilvugin et al.l (l2010al) . 

We first consider the distribution of the emission-line fluxes 
along the slit. The measured fluxes in the H/3 and R 3 emis¬ 
sion lines in the blue and red one-pixel-wide spectra for slit 8 
in NGC 3023 as a function of the pixel number along the slit are 
shown in Fig. [2] Examination of Fig. [2] shows that the position 
of the peak in the H/3 (and R3) emission line in the red spectrum 
is shifted as compared to that in the blue spectrum by approxi¬ 
mately three pixels. This shows that the position of the slit of the 
red spectrum does not coincide with the position of the slit for 
the blue spectrum. Instead they are shifted in the direction along 
the slit by approximately three pixels with respect to each other. 
Inspection of Fig.[2]also shows that the form of the distribution 
of the H/3 (and R3) emission-line flux per pixel in the red spec¬ 
trum differs from that in the blue spectrum. This demonstrates 
that the position of the slit for the red spectrum is also shifted 
in the direction perpendicular to the slit or that the position an¬ 
gles of the red and blue spectrum are different. This prevents us 
from considering the lines of the blue and red spectra together. 
Therefore we derived the abundances using the lines from the 
blue (or red) spectrum individually. 


2 IRAF is distributed by the National Optical Astronomical 
Observatories, which are operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with the 
National Science Foundation. 


The full set of lines [Oll]AA3727,3729, H/3, [Om]A5007, 
Ha, and [Nll]A6548 or H/3, [Om]A5007, Ha, [Nll]A6584 and 
[S II] AA6717,6731 is needed to correct for interstellar redden¬ 
ing and to determine the oxygen abundances. For this reason 
only slits that provide at least one of these line sets in either 
the blue or red setup are chosen for further study. As the ac¬ 
tual spectral coverage for each of our slits varies slightly de¬ 
pending on the position of a given slit on the mask, in some 
cases the H/3+[0 III] A5007 lines of the red spectra and the 
Ha+[N ll]A6548 lines of the blue spectra are shifted beyond the 
actual spectral coverage of the slit. This is the reason why the 
number of the presented observations of H II regions varies from 
one in NGC 4030 to up to 9 in NGC 1087. 

We constructed the aperture for the blue and red spectra by 
averaging the seven one-pixel-wide spectra near the flux max¬ 
imum. As mentioned before, the emission from the underlying 
stellar population of the galactic disk was subtracted during the 
background correction, i.e., we removed the stellar continuum 
averaged along the spatial slit coordinates near the HII region. 
Since the continuum in the spectra of our H II regions is suffi¬ 
ciently weak or undetectable, we neglected possible stellar ab¬ 
sorption by the stellar populations of the H II regions. The mea¬ 
sured emission fluxes F were corrected for interstellar redden¬ 
ing. We obtained the extinction coefficient C(H/3) using the the¬ 
oretical Ha-to-H/3 ratio (= 2.878) and the analytical approxima¬ 
tion to the Whitford interstellar reddening law of llzotov et al.l 
(11994 . 

The dereddened emission-line fluxes in the averaged spec¬ 
tra of the target H II regions are listed in Table [3] for the 
blue spectra and in Table [4] for the red spectra. The theo¬ 
retical ratio of [N ll]A6584/[N II |A6548 is constant and close 
to 3 (IStorev & Zeippenll 2000 l) since those lines originate from 
transitions from the same energy level. Since the [Nll|A6584 
line measurements are more reliable than the [Nll]A6548 
line measurements the value of N 2 is estimated as N 2 = 
1.33x[Nll]A6584 unless indicated otherwise. Similarly, the 
value of i ?3 can be estimated as R 3 = 1.33 x[0 III] A5007 since 
the [Om]A5007 and [Om]A4959 lines originate also from 
transitions from the same energy level a nd their flux ratio i s 
very close to 3 dStorev & Zeippen l I 2 OO OI iKniazev et al.ll2004 . 
Therefore, the [N ll]A6548 and A4959 fines are not included in 
Table [3] and Table [4] 

The uncertainty of the emission-line flux Eu ne is estimated 
taking into account the uncertainty of the continuum level, er¬ 
rors in the fine flux and the uncertainty in the sensitivity curve 
f see ^Kniazev et al.l2004 for details). The uncertainty of the con¬ 
tinuum, e con t, is determined in the region near the emission 
fine where the continuum is approximated by a linear fit. The 
line-flux uncertainty, £fi ux , is estimated as the deviation from a 
Gaussian profile. The uncertainty in the sensitivity curve, £ sc , is 
les_s than 2 - 3% in all considered wavelength ranges (see, e.g., 
lKniazevll2012h . We adopt the maximum value of the relative un¬ 
certainty £ sc = 0.03. 
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Table 3. The dereddened emission line fluxes (in units of the H i line flux) and the extinction coefficient C(H/3) in the blue spectra 
of a sample of the target H II regions in NGC 3023. 


Slit 

R.A. a 

DEC. a 

[Oll]A3727,3729 

[O III] A4363 [O III] A5007 

[N 11 ] A6584 

[S n]A6717 

[S 11 ] A6731 

C(H /3) 

NGC 2967 

17 

145.503249 

0.340438 

2.712 ±0.164 

0.371 ±0.033 

0.772 ± 0.044 



0.579 

33 

145.516052 

0.316465 

4.603 ± 0.662 

1.788 ±0.180 

0.621 ± 0.041 



0.704 

NGC 3023 

8 

147.476616 

0.616676 

1.627 ±0.051 

0.072 ±0.003 6.117 ±0.200 




0.297 

12 

147.474086 

0.615905 

2.600 ± 0.084 

0.030 ±0.003 3.280 ±0.109 




0.317 

14 

147.468182 

0.619303 

3.662 ±0.120 

1.654 ±0.057 

0.474 ± 0.021 



0.345 

NGC 4030 

46 

180.111544 

-1.074890 

2.340 ±0.104 

0.820 ± 0.034 

0.849 ± 0.038 



0.524 

NGC 4123 

14 

182.032991 

2.880344 

2.281 ±0.131 

0.457 ±0.031 

0.858 ± 0.036 



0.535 

20 

182.030381 

2.882922 

2.324 ±0.139 

0.896 ± 0.045 

0.817 ± 0.039 



0.403 

21 

182.031526 

2.888546 

2.322 ±0.146 

0.473 ± 0.036 

0.903 ± 0.040 



0.689 

22 

182.024433 

2.888972 

2.925 ±0.166 

0.781 ±0.051 

0.694 ± 0.032 

0.483 ± 0.026 

0.331 ±0.017 

0.485 

26 

182.022560 

2.908112 

1.771 ±0.088 

3.457 ±0.142 

0.217 ± 0.014 



0.113 

NGC4517A 

44 

188.108016 

0.381373 

4.566 ± 0.224 

0.936 ± 0.050 

0.269 ± 0.020 



0.402 

56 

188.116422 

0.390758 

2.310 ±0.084 

2.109 ±0.096 

0.305 ± 0.021 



0.194 


“ in degrees (J2000). 


Table 4. The dereddened emission line fluxes (in units of the H/3 line flux) and the extinction coefficient C( H i) in the red spectra 
of a sample of the target H II regions in our galaxy sample. 


Slit 

R.A. a 

DEC. a 

[OIIIJA5007 

[NII] A6584 

[S 11 ] A6717 

[S 11 ] A6731 

C(H/3) 

NGC 1087 

15 

41.605348 

-0.482317 

0.794 ± 0.034 

0.633 ± 0.030 

0.410 ±0.018 

0.292 ± 0.013 

0.353 

16 

41.609253 

-0.490142 

0.494 ± 0.020 

0.750 ± 0.029 

0.479 ± 0.017 

0.336 ±0.013 

0.282 

17 

41.607925 

-0.493503 

0.400 ±0.031 

0.664 ± 0.026 

0.377 ±0.018 

0.259 ±0.014 

0.306 

23 

41.604852 

-0.497109 

0.211 ±0.011 

0.935 ± 0.043 

0.373 ±0.017 

0.278 ± 0.012 

0.380 

28 

41.610902 

-0.500035 

0.429 ± 0.033 

0.754 ± 0.026 

0.443 ± 0.020 

0.334 ±0.015 

0.252 

30 

41.610902 

-0.486017 

0.427 ± 0.017 

0.696 ± 0.033 

0.320 ±0.016 

0.225 ± 0.010 

0.340 

31 

41.603092 

-0.504827 

0.449 ± 0.014 

0.764 ± 0.027 

0.275 ± 0.009 

0.206 ± 0.007 

0.443 

32 

41.604192 

-0.512645 

0.932 ± 0.036 

0.615 ±0.031 

0.464 ± 0.027 

0.322 ± 0.023 

0.417 

36 

41.609197 

-0.515824 

0.406 ±0.021 

0.589 ± 0.025 

0.402 ± 0.016 

0.280 ± 0.016 

0.251 

NGC 2967 

14 

145.509118 

0.341424 

0.129 ±0.013 

0.840 ±0.031 

0.309 ±0.013 

0.226 ± 0.009 

0.900 

23 

145.522704 

0.332752 

0.195 ±0.060 

0.820 ± 0.046 

0.395 ± 0.024 

0.270 ± 0.019 

1.040 

28 

145.521731 

0.326422 

0.930 ± 0.048 

0.613 ± 0.045 

0.328 ± 0.031 

0.216 ±0.019 

0.970 

29 

145.520986 

0.328543 

0.294 ± 0.070 

0.676 ±0.031 

0.350 ± 0.029 

0.252 ± 0.035 

0.734 

37 

145.502932 

0.349615 

0.738 ±0.126 

0.689 ±0.061 

0.608 ± 0.049 

0.295 ± 0.050 

0.902 

39 

145.505741 

0.355989 

1.596 ±0.199 

0.530 ± 0.059 

0.451 ±0.064 

0.229 ± 0.055 

0.644 

NGC 3023 

8 

147.476616 

0.616676 

5.680 ± 0.204 

0.092 ± 0.004 

0.122 ±0.005 

0.089 ± 0.004 

0.255 

12 

147.474086 

0.615905 

3.118 ±0.103 

0.221 ± 0.008 

0.225 ± 0.009 

0.165 ±0.007 

0.181 

14 

147.468182 

0.619303 

1.740 ±0.064 

0.414 ±0.017 

0.456 ± 0.019 

0.332 ±0.016 

0.222 

18 

147.480337 

0.619130 

3.482 ±0.130 

0.147 ±0.006 

0.225 ± 0.010 

0.146 ±0.006 

0.058 

19 

147.463502 

0.612667 

2.479 ±0.110 

0.429 ± 0.041 

0.500 ± 0.044 

0.434 ± 0.044 

0.541 

21 

147.457781 

0.612337 

1.872 ±0.071 

0.309 ± 0.016 

0.484 ± 0.021 

0.337 ±0.016 

0.104 

22 

147.486919 

0.623162 

2.748 ± 0.094 

0.136 ±0.009 

0.240 ±0.011 

0.167 ±0.009 

0.078 

NGC 4123 

6 

182.046371 

2.878087 

0.267 ± 0.012 

1.523 ±0.051 

0.334 ±0.011 

0.363 ±0.012 

1.086 

18 

182.061021 

2.864815 

0.455 ± 0.043 

0.816 ±0.039 

0.584 ± 0.033 

0.478 ± 0.035 

0.424 


“ in degrees (J2000). 


4. Photometry 

To estimate the deprojected galactocentric distance (normalized 
to the optical isophotal radius R 25 ) of the H II region from its 
coordinates on the celestial sphere one needs to know the values 
of the inclination, i, the position angle of the major axis, PA, 
and the isophotal radius of a galaxy, f? 25 - It is common practice 


to take those values from lde Vaucouleurs et al.l (1199 ll thereafter 
RC3) or from the LEDA database. However, some values from 
those sources show a significant difference for galaxies from our 
list. For example, the isophotal radius of NGC 4517A in the RC3 
is larger by a factor of two than that given in the LEDA database. 
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Fig. 2. The fluxes in the H/3 (upper panel) and If (lower panel) 
emission lines in the blue (solid lines) and red (dashed lines) 
spectra as a function of the pixel number along the slit for slit 8 
in NGC 3023. The fluxes are in arbitrary units. 


Therefore we obtained our own estimates of the values of i, PA, 
and f ?25 for our target galaxies. 

We analyzed the publicly available photometric maps in the 
infrared W 1 band (with an isophotal wavelength of 3.4 pm) 
o btaine d by the Wide-field Infrared Survey Explorer (WISE) 
(IWright et al.l 12010 ) and in the g and r bands obtained by the 
Sloan Digital Sky Survey ( SDSS', data release 9 fDR9 ). lAhn et al.l 
120121) . We derived the surface-brightness profile and disk ori¬ 
entation parameters in three photometric bands for each galaxy. 
The determinations of the surface-brightness profile, position an¬ 
gle, and ellipticity were performed for each band separately in 
the way described in lPilvugin et al.l d20 14bh . But for NGC 3023 
we were not able to estimate reliable values of the position an¬ 
gle and ellipticity for the g and r bands. Therefore, for this 
galaxy the values of the position angle and ellipticity obtained 
for the W 1 band were used for the construction of the surface- 
brightness profiles in all three filters. 

It should be noted that the WISE and SDSS surveys are suffi¬ 
ciently deep for our surface-brightness profiles to extend beyond 
the optical isophotal radii f? 25 - The obtained surface-brightness 
profiles are shown in Fig. [3] The adopted inclinations and posi¬ 
tion angles are given in Table Q] 

The value of the isophotal radius is derived from the 
obtained surface-brightness profiles in the g and r bands. 
Surface-brightness measurements were corrected for foreground 
Galactic extinction u_sing the Ay values from the recalibra¬ 
tion bv IS chlaflv & Finkbeiiieil (1201 lh of the extin ction maps of 
ISchlegel et al.l (1 1 9981) and the extinction curve of ICardelli et alJ 
(11989t) . assuming a ratio of total to selective extinction of 
Ry = Ay /Eb~v = 3.1. The Ay values given in the NASA 



R arcsec 


R arcsec 


Fig. 3. The observed surface-brightness profiles of our galaxies 
in the g and r bands of the SDSS photometric system and in the 
W1 band of the WISE photometric system. The X-axis shows 
the galactocentric radius in arcsec, and the Y-axis the surface 
brightness in mag arcsec -2 . The optical isophotal radius R 25 is 
marked by an arrow. 



Fig. 4. Comparison between the measured surfa ce-br ightness 
profile s of NGC 4123 in the B band repor ted bv IWeiner et al.l 
(1200lh (solid line), bv iMicheva et al.l (l2013h (long-dashed line), 
and obtained here (short-dashed line). The X-axis shows the 
galactocentric radius in arcmin, and the Y-axis the surface 
brightness in mag arcsec -2 . The arrow indicates the optical 
isophotal radius H 25 . 


Extragalactic Database NED were used. Afterwards the surface- 
brightness measurements were corrected for the inclination. The 
measurements in the SDSS filters g and r were converted to 13- 
band magnitudes, and the AB magnitudes were reduced to the 
Vega photometric system using the conversi on relations and so¬ 
lar magnitudes of [Blanton & Row~eisl d2007l) . First, the B- band 
magnitudes were obtained from the g and r magnitudes 

B ab =g + 0.2354 + 0.3915 [(g - r) - 0.6102], (1) 

where the Bab, g, and r magnitudes in Eq. <□ are in the AB 
photometric system. Then, the AB magnitudes were reduced to 
the Vega photometric system 


Byega = Bab + 0.09. (2) 
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Fig. 5. The patterns resulting from the bulge-disk decomposi¬ 
tion of our target galaxies (X-axis: galactocentric radius in kpc, 
Y-axis: logarithm of the central surface brightness for a face- 
on galaxy orientation in solar luminosities per pc 2 ). Each panel 
shows the decomposition assuming a purely exponential profile 
for the disk. The measured surface profile is plotted using gray 
(blue) circles. The bulge contribution is shown by a dotted line, 
the disk contribution by a dashed line, and the total (bulge + 
disk) fit by a solid line. 


The obtained isophotal radii are given in Table [7] 

Surface brightness p rofiles of the galaxy NG C 4123 in the B 
band w ere published by Wei ner et al.l (120011) and iMicheva et al.l 
(1 201 3l) . Fig.[4]shows the comparison between their profiles with 
the one derived here from the photometric imaging data in the 
SDSS g and r bands. 

We performed a bulge-disk decomposition of the observed 
surface-brightness profiles using a purely exponential disk 
(PEP) approximation in the same way as in iPilvugin et alJ 
( 2014bl) . Exponential profiles were used to fit the observed disk 
surface-brightness profiles, and the bulge profiles were fitted 
with a general Sersic profile. The observed surface-brightness 
profiles of five galaxies from our sample are fitted satisfactorily 
well. The upper panel of Figure [3 shows the bulge-disk decom¬ 
position of the galaxy NGC 1087 as an example. The measured 
surface profile is marked by circles. The fit to the bulge contribu¬ 
tion is shown by a dotted line, the fit to the disk by a dashed line, 
and the total (bulge + disk) fitting by a solid line. Table[I|lists the 
parameters of the disk surface-brightness profiles of those galax¬ 
ies in the W1 band: the logarithm of the central surface bright¬ 
ness of the disk in the W1 band reduced to a face-on galaxy 
orientation in terms of Lq pc -2 and the disk scale length in the 
W 1 band, h\,y \ in kpc. Those values are parameters of the expo- 
nential disk approximation, described in detail in iPilvugin et ali 

dam®. 


The gray (light-blue) filled circles_ show_a large sample of 
emission-line SDSS galaxies from lThuan et al.l ( j2Q 1 ()j ). 


For the galaxy NGC 3023, we could not determine a reli¬ 
able disk scale length, h\yi, and central surface brightness of the 
disk, (Ei wl )o- The lower panel of Figure [3 shows the surface- 
brightness-profile fit for this galaxy. The disk contribution to 
the surface brightness is close to the observed surface-brightness 
profile over a small interval of radial distances only (in fact, this 
is a bulge-dominated galaxy). Therefore, the values of the disk 
scale length and central surface brightness of the disk are ques¬ 
tionable. 


5. Abundances 

5.1. Abundance determination 


[Baldwin et all (IT98Th proposed the [OUT] A5007/H/7 vs. 
[Nil]A6584/Hn diagram (the so-called BPT classification dia¬ 
gram) which is often used to distinguish between star-forming 
regions and AGNs. The exact location of the dividing line 
between s tar-forming regions and AGNs is still cont roversial 
(see, e.g., iKewlev et al.l 200 lL iKauffmann et al] l2003h . Fig. [6] 
shows the positions of our targets (open circles) in the BPT clas¬ 
sification diagram. The solid line is the dividing line between 
star-fo rming regions and AGNs according to IKauffmann et akl 
( 2003b. while the d ashed line is the same line according to 
IKewlev et ah . ( 2001 ). Regardless of which line is adopted, Fig. [6] 
shows that all our objects are Hu regions and their oxygen 
abundances can be estimated using standard techniques. 

The T e -based oxygen (O/Hjyy abundances of the Hu re¬ 
gions with the detected auroral line [O III] A4363^ were deter¬ 
mined using the equations for the T e -method fr<)m IPilvugin et al.l 

(f20l0R[2012h . 

A new method (called the “C method”) for oxygen and ni¬ 
trogen abundance determinations from strong emission lines was 
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Fig. 7. The oxygen abundances as a function of the number of 
the pixel along the slit for the slit 8 in the NGC 3023. The cir¬ 
cles in the upper panel show the oxygen abundances determined 
from the individual blue one-pixel-width spectra through the T e 
method. The solid line is the abundance obtained from the inte¬ 
grated seven-pixel-width spectrum through the T e method. The 
circles in the lower panel show the oxygen abundances deter¬ 
mined from the individual red one-pixel-width spectra through 
the Cns method. The solid line is the abundance obtained from 
the integrated seven-pixel-width spectrum through the Cns 
method. 


recently suggested dPilvugin et al.12012112014a ). In our red spec¬ 
tra, we measured the strong lines i?3, N 2 , and S 2 , which allowed 
us to determine the oxygen (0/H)c NS abundances using those 
strong lines. In some of our blue spectra, the strong lines R 2 , 
f?3, and N -2 were measured and applied to determine the oxygen 
(0 /H)c on abundances. 


individual red one-pixel-wide spectra through the Cns method. 
The solid line represents the abundance obtained from the seven- 
pixel-width spectrum through the Cns method. 

Inspection of the upper panel of Fig.|7]confirms that the T e - 
based abundances are independent from the position in the HII 
region image at which the measurement was taken. Examination 
of the lower panel of Fig. [7] shows that the abundances deter¬ 
mined from the individual one-pixel-wide spectra through the C 
method are close to each other and are close to the abundance 
obtained from the integrated seven-pixel-wide spectrum. A sim¬ 
ilar picture was found for other Hll regions. Thus, the C-based 
abundances are robust and independent from the specific area 
covered by the measurement in an HII region image, i.e., the C 
method produces a reliable oxygen abundance even if a spectrum 
of only part of an HII region is used. 

The scatter in individual C-based abundances is even lower 
than the scatter in individual 7’ f ,-based abundances, i.e., the for¬ 
mal uncertainty in the C-based abundances is lower than that 
in the T e -based abundances. This can be attributed to the fact 
that the measurements of the weak auroral lines used in the T e 
method can involve larger errors than the measurements of the 
strong lines used in the C method. It should be noted, however, 
that the true uncertainty in the C-based oxygen abundance does 
not only depend on the accuracy of the strong-line measurements 
in the spectrum of the target H II region but also on the reliabil¬ 
ity of the abundance determinations in the reference H II regions. 
Our current sample of reference H II regions (our standard ref¬ 
erence sample from 2013) contains 250 Hll regions for which 
the absolute differences in the oxygen abundances (O/H )c ON 
- (O/H)^ and (0/H)c NS - (O/H )r, and in the nitrogen abun¬ 
dances (N/TD r^,, - CN/HIt and (N/H) Cns - (N/H) Te are less 
than 0.1 dex (iPilvugin et al.il;2014 a). Thus the true uncertainty 
in the C-based oxygen abundance may be up to around 0.1 dex 
even if the formal error due to the uncertainties in the strong-line 
measurement is small. Therefore we assume that the uncertain¬ 
ties in the obtained oxygen abundances in our investigated H II 
regions in the current paper can exceed 0.1 dex although the for¬ 
mal error caused by the uncertainty in the line fluxes measure¬ 
ment is lower. 


5.2. The robustness and precision of the abundance 
determination 

The emission-line fluxes measured in the one-pixel-wide spec¬ 
tra represent the radiation of a small part of the H II region. One 
would expect that the Te-based abundances in a given H II region 
derived from the spectra of different areas on the H II region im¬ 
age should be the same or at least should be close to each other. 
Is this the case for the abundances estimated from the counter¬ 
part method? To clarify this matter we have estimated the oxy¬ 
gen abundances from the individual one-pixel-wide spectra and 
considered the variations in those abundances. 

Fig.[7]shows the distribution of the oxygen abundances along 
the slit for the bright, extend Hll region (# 8) in NGC 3023, 
i.e., the abundance estimated from the individual one-pixel-wide 
spectra as a function of the number of the pixel along the slit. The 
auroral line R = [O III] A4363 is detected in around 20 individual 
one-pixel-wide spectra of this HII region. The circles in the up¬ 
per panel of the Fig.|7]show the oxygen abundances determined 
from the individual blue one-pixel-wide spectra through the T e 
method. The solid line is the T e -based abundance obtained from 
the seven-pixel-wide spectrum. The circles in the lower panel 
of the Fig. [7] show the oxygen abundances determined from the 


5.3. Radial gradients 

The radial distribution of the oxygen abundances across the disk 
within the isophotal radius in each of our target galaxies was 
fitted with the following equation: 

12 + log(0/H) = 12 + log(O/H)fl 0 + C 0/H x (R/R 25 ), (3) 

where 12 + log(0/H )// n is the oxygen abundance at Rq = 0, i.e., 
the extrapolated central oxygen abundance, Co/1-1, is the slope of 
the oxygen abundance gradient expressed in terms of dex /i > 25 1 , 
and RJR 25 is the fractional radius (the galactocentric distance 
normalized to the disk’s isophotal radius T25). 

NGC 1087. The strong lines H/3, [O m]AA4959,5007, Ha, 
[N ll]AA6548,6584, and [S ll]AA6717,6731 were measured in 
nine red spectra. In those Hll regions, we derived the oxy¬ 
gen abundance (0/H)c NS . The resulting oxygen abundances are 
listed in Table 0 Those abundances are shown by the filled cir¬ 
cles in panel a of Fig. [8] 

There are three SDSS spectra of H II regions in the galaxy 
NGC 1087 in data release 7 (DR7, lAbazaiian et all 120091) . 
namely Sp 409-51871-237, Sp 1069-52590-193, and Sp 1511- 
52946-192. (The SDSS spectrum number consists of the SDSS 
plate number, the modified Julian date of the observation, and 
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Fig. 8. The radial distributions of oxygen abundances in the disks of our target galaxies. The plus signs are abundances derived 
through the T e method, the circles are abundances obtained through the Cns method, and the squares are those inferred through the 
Con method. The filled symbols show abundances based on our SALT spectra, the open (blue) symbols are abundances based on 
spectra from the literature (see text). The solid line in each panel is the best linear fit to the data points with galactocentric distances 
less than the isophotal R 25 radius. (A color version of this figure is available in the online version.) 


the number of the fiber on the plate.) Since SDSS data release 
10 (DRIP, lAhn et al.1120141) reported line measurements in one 
spectrum only, we used the SDSS spectra from DR7. The oxy¬ 
gen (0 /H)c ns abundances inferred using the SDSS spectra are 
shown by the open (blue) circles in panel a of Fig. [8] 

The best linear fit to all the data points (12 points) with galac¬ 
tocentric distances smaller than the isophotal R 25 radius is 

12 + log(0/H) =8.61 ±0.02 — 0.285 ± 0.056 x(R/R 25 ), (4) 

with a mean deviation of 0.034 dex around the relationship. The 
obtained relation is shown by a solid line in panel a of Fig. [8] 
NGC 2967. The strong lines H/3, [O m]AA4959,5007, Ha, 
[N ll]AA6548,6584 and [S II]AA6717,6731 were measured in six 
red spectra. Oxygen (0/H)c NS abundances were then inferred 
for those H II regions. These abundances are shown by the filled 
circles in panel b of Fig. [8] The strong lines [O ll]AA3727,3729, 


H /3, [O III] AA4959,5007, Ha, and [Nll]A6584 were measured 
in two blue spectra of Hu regions in the galaxy NGC 2967 
and were used to estimate oxygen (O/H )c ON abundances. Those 
abundances are shown by the black filled squares in panel b of 
Fig. [8] The obtained oxygen abundances are given in Table [3] 

There are three SDSS spectra (Sp 476-52314-622, Sp 266- 
51630-387, and 266-51602-394) of Hu regions in the galaxy 
NGC 2967 in DR7. The oxygen (0/H)c NS abundances derived 
using the SDSS spectra are shown by the gray (blue) open circles 
in panel b of Fig. [8] 

The best linear fit to all the data points (11 points) with galac¬ 
tocentric distances smaller the isophotal R 25 radius is 


12 + log(0/H) = 8.75±0.02 —0.414±0.030 x (R/R25), (5) 
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Table 5. Oxygen abundances in the H II regions in the disks of 
our sample of galaxies 


Slit 

R/R 25 

12+log(0/H)“ 

Method 

spectrum 

NGC 1087 

15 

0.527 

8.44 

Cns 

red 

16 

0.359 

8.48 

Cns 

red 

17 

0.232 

8.50 

Cns 

red 

23 

0.050 

8.61 

Cns 

red 

28 

0.327 

8.50 

Cns 

red 

30 

0.506 

8.52 

Cns 

red 

31 

0.231 

8.55 

Cns 

red 

32 

0.444 

8.42 

Cns 

red 

36 

0.603 

8.48 

Cns 

red 

NGC 2967 

14 

0.232 

8.66 

Cns 

red 

17 

0.554 

8.53 

Con 

blue 

23 

0.454 

8.60 

Cns 

red 

28 

0.575 

8.45 

Cns 

red 

29 

0.494 

8.55 

Cns 

red 

33 

0.936 

8.35 

Con 

blue 

37 

0.785 

8.44 

Cns 

red 

39 

0.949 

8.36 

Cns 

red 

NGC 3023 

08 

0.449 

8.16 

T e 

blue 



8.10 

Cns 

red 

12 

0.336 

8.16 

Te 

blue 



8.22 

Cns 

red 

14 

0.110 

8.34 

Con 

blue 



8.30 

Cns 

red 

18 

0.665 

8.09 

Cns 

red 

19 

0.575 

8.22 

Cns 

red 

21 

0.826 

8.09 

Cns 

red 

22 

1.117 

7.99 

Cns 

red 

NGC 4030 

46 

0.910 

8.52 

Con 

blue 

NGC 4123 

6 

0.001 

8.60 

Cns 

red 

14 

0.528 

8.54 

Con 

blue 

18 

0.711 

8.47 

Cns 

red 

20 

0.629 

8.51 

Con 

blue 

21 

0.646 

8.54 

Con 

blue 

22 

0.889 

8.44 

Cns 

blue 



8.47 

Con 

blue 

26 

1.399 

8.26 

Con 

blue 

NGC 4517A 

44 

0.603 

7.95 

Con 

blue 

56 

0.082 

8.32 

Con 

blue 


“The standard error for the C-based methods is around 0.1 dex. 
See Section l5Tl for more details. 


with a mean deviation of 0.026 dex around the relationship. The 
resulting relation is represented by a solid line in panel b of 

Fig. E] 

NGC 3023. The auroral line R = [Om]A4363 was de¬ 
tected in two blue spectra of HII regions in the disk of 
NGC 3023. The oxygen abundances in those Hu regions 
were determined through the direct T e method. Those abun¬ 
dances are shown by the plus signs in panel c of Fig. [8] 
The strong lines [On]AA3727,3729, H/3, [O iii]AA 4959,5007, 
Ha, and [Nll]A6548 were measured in one blue spectrum. 
We derived the oxygen (0/H)c ON abundance, finding the to¬ 
tal nitrogen flux N 2 to be 4 [Nll]A6548. This abundance is 
shown by the black filled square in panel c of Fig. [8] The 
strong lines H/3, [O m]AA4959,5007, Ha, [N n]AA6548,6584 


and [S II] AA6717,6731 were measured in seven red spectra and 
used to infer the oxygen (0/H)c NS abundance for those HII re¬ 
gions. The total nitrogen fluxes were determined to be N 2 = 
1.33[N IIA6584. Those abundances are shown by the black filled 
circles in panel c of Fig. [8] 

There are four SDSS spectra (Sp 480-51989-056, Sp 481- 
51908-289, Sp 267-51608-384, and Sp 267-51608-389) of H11 
regions in the galaxy NGC 3023. Since there is a large discrep¬ 
ancy between the line fluxes reported in DR7 and DR 10 these 
SDSS spectra were not used. 

The best linear fit to the data points (9 points) with galacto- 
centric distances smaller than the isophotal R 25 radius is 

12 + log(0/H) = 8.32±0.04 — 0.315±0.078 x (R/R 25 ), (6) 

with a mean deviation of 0.047 dex around the relationship. The 
obtained relation is plotted by a solid line in panel c of Fig. [8] 

NGC 4030. Unfortunately, the spectral setup used for this 
galaxy covers the wavelengths of the Ha and [Nll]A6584 
lines only for one of the slits. Therefore, the strong 
lines [O ll]AA3727,3729, H/3, [O m]AA4959,5007, Ha, and 
[NII] A6584 were measured in only one blue spectrum of an HII 
region in the galaxy NGC 4030. The oxygen (0/H)c ON abun¬ 
dance was estimated using the measured strong lines. The in¬ 
ferred abundance is shown by the black filled squares in panel 
d of Fig. [8] There are six SDSS spectra (Sp 285-51930-042, 
Sp 285-51663-044, Sp 285-51930-049, Sp 285-51663-058, Sp 
331-52368-405, and Sp 2892-54552-293) of HII regions in the 
galaxy NGC 4030 in DR7. The oxygen (0/H)c NS abundances 
based on the SDSS spectra are shown by the gray (blue) open 
circles in panel d of Fig. E] 

The best linear fit to all the data points (7 points) with galac- 
tocentric distances smaller the isophotal R 25 radius is 

12 + log(0/H) = 8.78±0.01 —0.286±0.017 x (i?/i? 25 ), (7) 

with a mean deviation of 0.009 dex from the relationship. The 
relation is shown by a solid line in panel d of Fig. E] 

NGC 4123. The strong lines [O ll]AA3727,3729, H/3, 
[O m]AA4959,5007, Ha, and [Nll]A6584 were measured in 
five blue spectra of Hu regions in the galaxy NGC 4123. The 
oxygen (0/H)c ON abundances based on those spectral data are 
shown by the black filled squares in panel e of Fig. [8] The 
sulfur lines [S ll]AA6717,6731 were also measured in the blue 
spectrum of one Hu region in the galaxy NGC 4123. This al¬ 
lowed us to obtain the oxygen (0/H)c NS abundance for this par¬ 
ticular Hll region. The strong lines H/3, [O m]AA4959,5007, 
Ha, [N ll]AA6548,6584 and [S ll]AA6717,6731 were measured 
in two red spectra. The inferred oxygen (0/H)c NS abundances 
are shown by the black filled circles in panel e of Fig.E] It should 
be noted that the HII region at the center of NGC 4123 (Slit 06) 
is located close to the line dividing AGNs and star-forming re¬ 
gions in the BPT classification diagram. 

Spectra of the region near the center of the NGC 4123 
were observed by [Kehrig et all d2004l) and by the SDSS (Sp 
517-52024-504). We obtained abundances of 12+log(0/H)c JVS 
= 8.56 and 12+log(Q/ H)c n „ = 8.63 using the spectral measure¬ 
ments of Kehrig et al. l (12 0041) . Moreover, we measured an abun¬ 
dance of 12+log(0/H)c ws = 8.63 using the DR10 line fluxes. 

The best linear fit to all the data points (10 points) with galac- 
tocentric distances smaller than the isophotal R 25 radius is 

12 + log(0/H) = 8.61±0.01 —0.164±0.025 x (i?/i? 25 ), (8) 

with a mean deviation of 0.025 dex. This relation is represented 
by a solid line in panel e of Fig.E] 
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NGC 4517A. The strong lines [O ll]AA3727,3729, Hj3, 
[O III] AA4959,5007, Ha, and [N II] A6584 were measured in the 
blue spectrum of an H II region in the galaxy NGC 4517A. In an¬ 
other spectrum, the line [N ll]A6584 is out of our spectral range, 
but the line [Nll]A6548 is included. We derived the oxygen 
(0 /H)con abundance in these spectra. The total nitrogen flux 
N 2 was determined to be N 2 = 1.33[Nll]A6584 in the former 
case and to be N 2 = 4 [NII] A6548 in the latter case. These abun- 
da nces are shown by t h e black filled squares in panel / of Fig. [8] 
iRomanishin et al.l (119831) reported emission-line ratios 
[S n](A6717 + A6731)/Ha, Ha/[Nn](A6548 + A6584), and 
[Om](A4959+A5007)/H/3 obtained from photographic spectra 
of four Hu regions in NGC 4517A. We estimated the oxygen 
(0/H± w and nitrogen (N/Hri; sx abundances from those strong 
lines. iRomanishin et al.l (119831) did not provide the positions of 
the observed H II regions, but listed the deprojected radii instead. 
We corrected these galactocentric distances for the galaxy dis¬ 
tance adopted here and used the resulting values. Furthermore, 
there are two SDSS spectra (Sp 289-51990-627 and Sp 290- 
51941-350) of Hll regions in NGC 4517A. The abundances 
based on the SDSS and Romanishin et al.’s data are shown by 
the gray (blue) open circles in panel / of Fig. [8] 

The best linear fit to all the data points (8 points) with galac¬ 
tocentric distances smaller than the isophotal R 25 radius is 

12 + log(0/H) =8.35±0.01-0.663±0.033 x{R/R 25 ), (9) 

with a mean deviation of 0.023 dex. This relation is indicated by 
a solid line in panel / of Fig. [8] 


5.4. Comparison between the distributions of the 

abundances determined through the C method and 
via the 03N2 and N2 calibrations 


Many calibrations based on photoionization models or/and 
Hll regions with abundances determined through the direct 
T e -me thod were suggest e d for nebular abun d ance determina- 


1986 

; McGaugh R99ll Zaritskv et al. 1994 Pilvugin 

2000 

2001; Kewley & Dopita 2003 

Pettini & Pagel 2004; 

Pilvugin & Thuan 2005; Tremonti et al. 

2004; Stasiriska 2006, 

amoi 

of a 
large 

lg many others). The discrepancies between metallicities 
;iven HII region derived using different calibrations can be 

up to ^0.6 dex (see reviews by Kewlev & Ellison 2008: 

Lopez-Sanchez & Estebad 12010: iLopez-Sanchez et al.l l2012h. 


However, one would expect that all the calibrations based on the 
abundances in H II regions determined through the T e method 
should produce the abundances close to each other. Since the 
C method produces abundances on the same metallicity scale 
as the 7).-method those abundances should be close to the 
abundances produced by other calibrations based on the direct 

abundances in HII regions. _ 

The 03N2 and N2 calibrations suggested bv lPettini & Pagelj 
(120041) are widely used. The original 03N2 and N2 calibra¬ 
tions are hybrid calibrations, i.e., they are based on both H II re¬ 
gions with abundances determined through the direct T e -method 
and photoionization models. “Pure” empirical 03N2 and N2 
calibrations (i.e., based on H II regions with abundances deter¬ 
mined through the direct Te-method) were recently presented by 
iMarino et al.l (1201 3l) . Thus we determined the (0/H)o3iV2 abun- 
dances in our H II regions also using the 03N2 calibration of 
IMarino et al.l (120131) 


12 + log(0/H)o3AT2 = 8.533 - 0.214 x 03JV2 (10) 



12+log(O/H) c 


Fig. 10. Comparison of the oxygen abundances in the individ¬ 
ual H II regions of our sample determined through the C method 
with oxygen abundances obtained through the 03N2 calibration 
(upper panel) and through the N2 calibration (lower panel). The 
solid line indicates a one-to-one correspondence. The dashed 
lines are shifted by ±0.1 dex. 


where 03N2 = log[([OIII]A5007/H/3)/[NII]A6584/Ha)], and 
the (O/H) N 2 abundances using their N2 calibration 

12 ± log(0/H)jV2 = 8.743 ±0.462 x N2 (11) 

where N2 = log([NII]A6584/Ha). 

Fig. [9] shows the comparison of the radial distributions of 
the oxygen abundances in the disks of our target galaxies deter¬ 
mined through the C method (filled dark (black) circles), via the 
03N2 calibration (open grey (red) circles), and through the N2 
calibration (plus signs). The solid line in each panel is the best 
linear fit to the (0/H)c abundances (the same as in Fig. ©. 

Fig. ITOl shows the comparison of the oxygen abundances in 
the individual Hll regions of our sample determined through 
the C method with the oxygen abundances obtained through the 
03N2 calibration (upper panel) and through the N2 calibration 
(lower panel). 

Fig. [9] and Fig. [TO] demonstrate that the (0 /H)o3jv2 abun¬ 
dances are in satisfactory agreement (within 0.1 dex) with 
the (0/H)c abundances for H II regions with metallicities 
12+log(0/H) <; 8.1. However, a small systematic difference 
(around 0.05 dex) between (0/H)o3jv2 and (0/H)c abundances 
seems to exist; in the sense that the ( 0 /H)q 3 N 2 abundances 
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Fig. 9. Comparison of the radial distributions of oxygen abundances in the disks of our target galaxies determined through the C 
method (filled dark (black) circles), via the 031V2 calibration (open grey (red) circles), and through the N 2 calibration (plus signs). 
The solid line in each panel is the best linear fit to the (0/H)c abundances (the same as in Fig. [8J. (A color version of this figure is 
available in the online version.) 


are slightly lower than the (0/H)c abundances. A large dis¬ 
agreement between (0/H)o3iv2 and (0/H)c abundances for H II 
regions with metallicities 12+log(0/H)c Si 8.1 is not surpris¬ 
ing since the 03N2 calibration of iMarino et al.l (1201 3l) is con¬ 
structed for Hll regions with metallicities 12+log(0/H) > 8.1 
and does not work at low metallicities. The differences between 
the (O/H)jv 2 and (0/H)c abundances exceed 0.1 dex for some 
H II regions with metallicities 12+log(Q/ H) >8 -1. This may sug¬ 
gest that the 03N2 calibration of Marino et al.l ( 2013 1 provides 
more reliable abundances than their N2 calibration. 


In summary, the comparison between C-, 03N2-, and N2- 
based abundances in our target Hll regions allows us to sug¬ 
gest that the uncertainties in the obtained (0/H)c abundances 
are within ~ 0.1 dex. This supports our estimation of the uncer¬ 
tainties in the abundances discussed in Subsection 5.2. 


6. Discussion 


The radial distributions of the oxygen abundances across the 
disks of all the galaxies of our sample are well fitted by linear 
relationships within the isophotal radius (with the abundances 
on the logarithmic scale). The mean deviation from the relation¬ 
ship is less than 0.05 dex for each galaxy. The values of the 
radial abundance gradient vary by a factor of ~ 4 among the 
galaxies of our sample; from —0.164 dex for NGC 4123 to 
-0.663 dex R^ for NGC 4517A. 

The correlation between the local oxygen abundance and the 
stellar surface brightness (OH - SB relation) or surfa ce mass 


1981 

Edmunds & Paael 1984t Vi 

a-Costas & Edmunds 

1992); 

Rvder 1991 Moran et al. 2012; 

Rosales-Ortesa et a^ 

2012 ) 


2014bl) we examined the relations between the oxygen abun- 
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R g/ R 25 R g/ R 25 




Fig. 11. Radial distributions of oxygen abundances in the disks of the spiral galaxies of our sample. The circles represent the 
abundances of the individual H II regions (the same as in Fig. [8]>- The line in each panel shows the abundance distribution predicted 
by the relation between abundance and surface brightness in the W1 band, Eq. (IT2l) . 


dance and the disk surface brightness in the infrared W1 band of 
WISE at different fractions of the optical isophotal radius f? 25 - 
We found evidence that the OH - SB relation varies with galac- 
tocentric distance and depends on the disk scale length and the 
morphological T-type of a galaxy. We derived a general para¬ 
metric relation between abundance and surface brightness in the 
W 1 band, O/H = f(SB) for spiral galaxies of type Sa - Sd, 


12 + log (O/H) 


= 7.732 + 0.303 x + 0.290 x 2 
+ (0.288 +0.120 x 

-0.139 x 2 ) log(£ Lwi ) x (12) 

+ (0.0418 — 0.0323 x — 0.0022 x 2 ) hwi 
- (0.0122 + 0.0404x + 0.0088 x 2 )T 


where x = r/f ?25 is the fractional radius expressed in terms of 
the isophotal radius of a galaxy (R 25 ), (El)x is the disk surface 
brightness, hwi the radial disk scale length, and T the morpho¬ 
logical T-type. It is interesting to compare the radial distribu¬ 
tions of oxygen abundances predicted by this relationship to the 
radial abundance trends traced by the oxygen abundances in the 
HII regions in the disks of our sample of galaxies. 

Fig. |TT] shows the comparison between the radial distribu¬ 
tions of the oxygen abundances predicted by the O/H = f(SB) 
relation, Eq. (THU) , and the abundances obtained from the anal¬ 
ysis of the emission-line spectra of HII regions for four of our 
galaxies, NGC 1087, NGC 2967, NGC 4030, and NGC 4123. 
The O/H = f(SB) relation cannot be applied to the other two 
galaxies of our sample. It was noted above that we could not de¬ 
termine a reliable disk scale length hwi and surface brightness 
at the center of the disk of the galaxy NGC 3023 since the disk 
contribution to the surface brightness is close to the observed 
surface-brightness profile over a small range of radial distances 


only (see lower panel of Figure^. NGC 4517A is a Sdm galaxy 
(with morphological type T = 8) whereas the O/H = f(SB) re¬ 
lation was derived for spiral galaxies of the types Sa - Sd (i.e., 
for a range of morphological types from T ~ 1 to T ~ 7). 

Inspection of Fig. [TT] shows that the oxygen abundances pre¬ 
dicted by the parametric O/H = f(SB) relation are rather close 
to the abundances obtained from the analysis of the emission¬ 
line spectra of H II regions of the galaxies of the present sample 
where the OH - SB relation is applicable. The discrepancy usu¬ 
ally does not exceed 0.1 dex. Thus, the parametric O/H = f(SB) 
relation can be used for a rough estimation of the oxygen abun¬ 
dances in the disks of spiral galaxies. 


Summary 

Spectra of H II regions in six late-type galaxies were observed 
with the South African Farge Telescope (SAFT). The auroral 
line [Om]A4363 was detected in two spectra. The T e -based 
oxygen (O/H)^ abundances in these two H II regions were de¬ 
rived using the equations of the standard T e -method. The oxy¬ 
gen abundances of the other H II regions were estimated from 
strong emission lines through the recently suggested “counter¬ 
part” method (C method). When the strong lines R3, A+ and 
S 2 were measured in our spectra, oxygen (0/H)c NS abundances 
could be obtained. When, on the other hand, the strong lines 
i? 2 , //:!, and N 2 were available then oxygen (0/H)c ON abun¬ 
dances were determined. Moreover, we also inferred oxygen 
abundances of the HII regions in our target galaxies with avail¬ 
able spectral measurements from the literature or from the SDSS 
spectroscopic data base through the C method. 

We derived oxygen abundances from the individual one- 
pixel-wide spectra and considered the variations in those abun- 
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dances. The abundances determined with the C method from 
the individual one-pixel-wide spectra are close to each other and 
are close to the abundances obtained from the integrated seven- 
pixel-wide spectrum. This can be considered as supporting ev¬ 
idence for the robustness and precision of the C-based abun¬ 
dances, which are independent of the area in the H II region im¬ 
age that is measured. In other words, the C method produces a 
reliable oxygen abundance even if a spectrum of only a part of 
an H II region is used. 

We also determined the (0/H)o3iV2 and (O/H) at 2 abun¬ 
dances in our target HII regions using the 03N2 and N2 calibra¬ 
tions of lMarino et al. ' 12013 1. The (O/H )o. 3 ,V 2 abundances are in 
satisfactory agreement (within 0.1 dex) with the (O/H )c abun¬ 
dances for Hu regions with metallicities 12+log(0/H) 8.1. 

However, a small systematic difference (around 0.05 dex) be¬ 
tween (0 /H)o3at2 and (O/H )c abundances seems to exist in the 
sense that the ( 0 /H)o 3 at 2 abundances are slightly lower than the 
(0/H)c abundances. The differences between the (0/H) y2 and 
(0/H)c abundances are larger than 0.1 dex for some Hj_l regions. 
This may suggest that the 03N2 calibration of IMarino et al.l 
(1201 3l) provides more reliable abundances than their N2 calibra¬ 
tion. 

We determined the abundance gradients in the disks of our 
six late-type target galaxies. The radial distributions of the oxy¬ 
gen abundances across the disks of all the galaxies of our sample 
are well fitted by linear relationships within the isophotal radius 
(with abundances on a logarithmic scale). The mean deviation 
from the relationship is less than 0.05 dex for each galaxy. The 
values of the radial abundance gradient vary by a factor of ~ 4 
among the galaxies of our sample, i.e., from —0.164 dex R^! 
for NGC 4123 to -0.663 dex for NGC 4517A. 

We derived surface-brightness profiles in three photometric 
bands (the IT' 1 band of WISE and the g and r bands of the SDSS) 
for each galaxy using publicly available photometric imaging 
data. The characteristics of the disks (the surface brightness at 
the disk center and the disk scale length) were found through 
bulge-disk decomposition. Using the photometric parameters of 
the disks, the oxygen abundance distributions were estimated 
from the relation between abundance and surface brightness of 
the disk in the W 1 band, O/H = SB, which had been obtained 
for spiral galaxies in our previous study. The oxygen abundances 
predicted by the O/H = SB relation are rather close to the abun¬ 
dances determined from the analysis of the emission-line spectra 
of the H II regions in the galaxies of the present sample where the 
OH - SB relation is applicable. The discrepancy is usually not 
larger than 0.1 dex. Thus, the parametric O/H = f(SB) relation 
can be used for a rough estimation of the oxygen abundances in 
the disks of spiral galaxies. 
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